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STANDARDS AND REAGENTS 

The potassium salt of heptadecafluorooctane sulfonate (PFOS, 98%) was acquired from Fluka 

(Steinheim, Germany). The potassium salts of perfluorohexane sulfonate (PFHxS, 98%), 

perfluoroheptanoic acid (PFHpA, 98%), perfluorohexane acid (PFHxA, 98%) were acquired from 

Interchim (Montlucon, France). The potassium salt of nonafluoro-1-butanesulfonate (PFBS, 98%) 

and hepatadecafluoropelargonic acid (PFNA, 95%) were acquired from Tokyo Chemical Industry 

(Tokyo, Japan). Pentadecafluorooctanoic acid (PFOA, 95%) was purchased from Wako Pure 

Chemical Industries (Osaka, Japan). Nonadecafluorodecanoic acid (PFDA, 96%) and 

perfluorododecanoic acid (PFDoA, 97%) were purchased from Acros Organics (Geel, Belgium). 

Perfluorotetradecanoic acid (PFTA, 97%) was purchased from Aldrich (Steinheim, Germany). 

Tetrabutylammonium hydrogensulfate (TBAHS) of HPLC grade and anhydrous extra pure sodium 

carbonate (Na2CO3, 99.5%) were obtained from Acros Organics (Geel, Belgium). HPLC grade 

ammonium acetate was obtained from Dikma Technology (Richmond, VA). HPLC grade methyl 

tert-butyl ether (MTBE), methanol, and acetonitrile were obtained from Tedia (Fairfield, OH). 

Milli-Q water was cleaned using Waters Oasis HLB Plus (225 mg) cartridges (Milford, MA) to 

remove the potential residue of PFCs. Mixed stock PFC standard solution was prepared in 

methanol. All reagents were used as received. 

 

SAMPLE PREPARATION AND EXTRACTION 

Serum samples were extracted following a method developed by Hansen et al. (2001) . Two 

millilitres of 0.25 M Na2CO3 and one liter of 0.5 M TBAHS were added to 0.5 mL of serum and 

then extracted twice with MTBE. The combined MTBE extracts were brought to dryness under a 

gentle stream of high purity nitrogen, and reconstituted in 1 mL mixture of methanol and 10 mM 

ammonium acetate (2:3, v/v) before final filtration with a 0.22 μm nylon filter. 
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INSTRUMENTAL ANALYSIS 

Extracts of serum samples were analyzed via high performance liquid 

chromatography–tandem mass spectrometry (HPLC–MS/MS). Chromatography was performed by 

an Agilent 1200 HPLC system (Palo Alto, CA). A 25 μL aliquot of extract was injected onto a 2.1 

× 100 mm (3.5 μm) Agilent Eclipse Plus C18 column (Palo Alto, CA) with 10 mM ammonium 

acetate and acetonitrile as mobile phases starting with 40% acetonitrile at a flow rate of 250 

μL/min and column temperature of 40 °C. The gradient was increased to 90% acetonitrile at 9 min 

and then held for 2 min. In addition, an 8 min re-equilibration interval was run before each 

following sample. The HPLC system was interfaced to an Agilent 6410 Triple Quadrupole (QQQ) 

mass spectrometer (Santa Clara, CA) operated with electrospray ionization (ESI) in negative mode. 

Instrumental parameters were optimized to transmit the [M-K]- ion before fragmentation to one or 

more product ions. Declustering potential and collision energies were optimized for each analyte 

and ranged from 35 to 90V and 10 to 35eV, respectively. Data were acquired by tandem mass 

spectrometry using multiple reaction monitoring (MRM) at transitions, 499 > 99 for PFOS, 413 > 

369 for PFOA, 299 > 99 for PFBS, 399 > 99 for PFHxS, 363 > 319 for PFHpA, 313 > 269 for 

PFHxA, 463 > 419 for PFNA, 513 > 469 for PFDA, 613 > 569 for PFDoA, 713 > 669 for PFTA. 

Moreover, multiple daughter ions were monitored for confirmation, but quantitation was based on 

a single production. In all cases, the capillary was held at -4 kV and the desolvation temperature 

was kept at 350 °C.  

 

QUALITY ASSURANCE AND QUALITY CONTROL 

Procedural blanks were prepared at an interval of every ten samples to check if contamination 

had occurred during the extraction of samples. Solvent blanks containing acetonitrile and Milli-Q 

water (2:3, v/v) were run after every twenty samples to monitor for background contamination. 

Duplicate injections and calibration check standards were run after every twenty samples to assure 

the precision and accuracy of each run. Matrix spike recoveries were tested by spiking native 
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standards of all 10 target compounds into 12 randomly selected samples, at levels of 10 ng and 20 

ng for each of the target compounds. All the matrix spike samples were analyzed in duplicate. 

Recoveries of native standards spiked in serum matrix were 98 ± 5%, 101 ± 6%, 95 ± 3%, and 96 

± 5%, for PFOS, PFOA, PFHxS, and PFNA, respectively. The average recoveries for other 

perfluorochemicals ranged from 82% to 96%. The relative standard deviations (RSD) of duplicate 

analyses were less than 5% for PFOS, PFOA, PFBS, PFDA, PFHpA, PFHxA, PFHxS, PFNA, 

PFTA,and less than 10% for PFDoA. The concentrations of serum extracts were quantified via 

nine-point matrix-matched calibration curves ranging from 0.01 to 100 ng/mL, which were 

performed by adding mixed PFC standard solution into blank and newborn bovine serum, 

respectively. The regression coefficients (r2) of calibration curves for all the target analytes in 

different matrixes were higher than 0.99. The limit of detection (LOD) was defined as the peak of 

analyte that needed to yield a signal-to-noise (S/N) ratio of 3:1, and the limit of quantification 

(LOQ) was defined as the lowest point on the standard curve, above the LOD, with a RSD less 

than 10%.  
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Supplemental Material, Table S1. Spearman’s rank correlation coefficients (rho) among different PFCs in 
blood samples (n=456) 
 PFC PFOS PFOA PFBS PFDA PFDoA PFHpA PFHxA PFHxS PFNA PFTA 
PFOS 1.00  **0.64 **0.27 **0.34 **0.53 **0.27 **0.21 **0.37 **0.35 **0.24
PFOA  1.00 **0.42 **0.41 **0.34 **0.43 **0.26 **0.59 **0.46 *0.11
PFBS  1.00  **0.30 **0.28 **0.29 **0.19 **0.21 **0.18 **0.22
PFDA   1.00 **0.53 **0.31 0.09 **0.42 **0.79 **0.17
PFDoA   1.00 **0.33 *0.10 **0.28 **0.41 **0.71
PFHpA   1.00 **0.29 **0.27 **0.22 **0.24
PFHxA   1.00 **0.33 0.06 0.02 
PFHxS   1.00  **0.50 0.05 
PFNA    1.00 *0.16 
PFTA             1.00 
**p<0.01; *p<0.05 
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Supplemental Material, Table S2. Median serum PFOS and PFOA concentrations (ng/mL) reported for other 
populations 
          Median 
Reference Studies/Country Time Sample

Age 
(years)   PFOS  PFOA 

NHANES (USA) 1999-2000 543 12-19    29.4     5.60
NHANES (USA) 2003-2004 640 12-19  19.9 4.00
NHANES (USA) 2005-2006 640 12-19  14.9 3.80

Kato et al. (2011) 

NHANES (USA) 2007-2008 357 12-19  11.3 4.00
C8 Health Project (USA) 2005-2006 6536 1-11.9  20.7 32.6Frisbee et al. (2010) 
C8 Health Project (USA) 2005-2006 5934 12-17.9  19.3 26.3

OECD (2002) USA 1995 599 2-12  37.5a ----
Holzer et al. (2008) Siegen, German 2006 80 5-6  5.2a 5.2a

 Amsberg, German 2006 90 5-6  5.4a 24.6a

Turgeon et al. (2012) Canada 2006-2008 86 1-4.5  3.4 a 1.7 a

Toms et al. (2009) Australia  2006-2007 ---- 6-9  18.3 8.2
   ---- 9-12  17.7 7.0
Zhang et al. (2010) China 2009 85 5-10  5.6 2.2
Fei and Olsen (2011) Danish 1998-2002 787 Pregnancy  34.4 5.4
OECD (2002) USA 2000 645 20-69  34.9a ----
 Sagamihara, Japan 1999 32 Adults  40.3 b ----
 Tokyo, Japan 1999 30 Adults  52.3 b ----
 a Geometric mean; b Arithmetric mean; 
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